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_ _ _ A light beam hardening apparatus is provided for hardening 
(73) Asslgnee' Ivoclar Vlvadent AG a material, such as dental material, exposed to light emitted 

_ by the light beam hardening apparatus. The light beam 
(21) Appl' NO" 10/023’232 hardening apparatus includes a semi-conductor light emit 
22 Fl (12 D _ 13 2001 ting source operable to emit light in the visible light spectral 

( ) 1 6 EC ’ range of a light strength of at least 200 mW/cm2, a base 

Related US Application Data receptacle for supporting the semi-conductor light emitting 
source, and a heat conducting connection for conducting 

(60) provisional application NO_ 60/276,346, ?led on Mar' heat from the semi-conductor light emitting source to the 
16, 2001_ base receptacle. The semi-conductor light emitting source 

includes a plurality of light emitting chips or light emitting 
(30) Foreign Application Priority Data diodes (LED). The base receptacle includes a plurality of 

cradles each for supporting therein a respective one of the 
Feb. 1, 2001 (DE) ............................... .. P 101 04 579.4 light emitting chips. 
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LIGHT BEAM HARDENING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a light beam hard 
ening apparatus. 

[0002] Light beam hardening apparatus for dental material 
hardening applications are today con?gured either as hand 
held devices for the direct light polymeriZation of the dental 
material in the mouth of the dental patient or as stationary 
devices. 

[0003] In particular With regard to hand-held devices, it is 
important that the polymeriZation be effected relatively 
rapidly and, at the least, at a rate Which ensures a complete 
polymeriZation as Well of larger teeth ?llings comprised of 
light beam hardenable plastic. 

[0004] The conventional light beam hardening apparatus 
is by far typically con?gured as a halogen bulb lamp having 
integrated re?ectors Whose light emissions are guided by a 
light guide rod, With the outlet end of the light guide rod 
being disposed immediately adjacent the ?lling to be hard 
ened. The typical light beam hardenable dental plastic 
exhibits a spectral sensitivity Whose maximum sensitivity 
lies in the region of visible light. 

[0005] On the other hand, typical commercially available 
halogen bulb lamps emit visible light With substantially 
reduced ultraviolet (UV) portions of about 2%, for example. 
To improve the efficiency of the emitted light impact, it has 
been attempted to extend the spectral sensitivity of the 
plastic material Which is to be polymeriZed into the long 
Wavelength region. These attempts, hoWever, have only 
succeeded in limited measure. 

[0006] It has been further proposed to extend the emitted 
spectral region into the higher frequencies by means of 
?lters, Which only permit the passage therethrough of high 
Wavelength light. This approach, hoWever, requires that a 
substantial amount of light emitting energy be initially 
produced Whereby, as a consequence thereof, the ef?ciency 
of this approach is correspondingly poor. At the same time, 
a cooling air ?oW must be regularly introduced Which acts 
to limit the temperature of the light beam hardening appa 
ratus and this air How is not altogether pleasant for the 
dentist or the dental patient. 

[0007] Moreover, it has long been knoWn to deploy as 
light beam hardening apparatus semi-conductor light emit 
ting sources Which operate as light emitting diodes (LED). 
For example, German patent publication DE-GM 295 11 
927 discloses a light beam hardening apparatus having a 
light emitting diode Which emits light in the blue spectral 
region and Which is poWered by a battery or an accumulator. 

[0008] It has been additionally proposed to deploy a 
plurality of LEDs for the poWer supply of a light guide rod. 
In this manner, the light output of the light beam hardening 
apparatus is improved. HoWever, independent of Whether 
the LEDs are con?gured and emit light as modules—that is, 
deployed in a common plastic housing—or as individual 
LEDs—that is, each deployed in its oWn respective plastic 
housing, the light output of LEDs is limited. The plastic 
housings are not only electrically insulating but they also 
suppress the shedding of heat so that a certain performance 
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thickness of each of the light emitting chips cannot be 
exceeded due to the need to provide cooling of the plastic 
housings from the exterior. 

[0009] It has, moreover, been proposed in other applica 
tions to adhesively secure light emitting chips on a metallic 
body. The heat resistance betWeen the chip and the cooling 
body in such a con?guration is, in fact, less than that of a 
con?guration in Which a chip is integrated into a plastic 
module. HoWever, the adhesive layer acts as a heat blocker 
so that the danger exists here as Well of an overheating of the 
chip or chips. 

[0010] It has also long been a practice in the mounting of 
semi-conductors on cooling bodies to use a heat conducting 
paste. The heat conducting paste should displace a continu 
ously insulating air layer Which, due to the surface rough 
ness of the outer surface, acts as a barrier to heat shedding. 
In spite of all efforts, hoWever, the knoWn light beam 
hardening apparatus With semi-conductor light emitting 
sources produce only a limited light output and are in this 
respect not especially suitable for dental applications. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0011] The present invention offers a solution to the chal 
lenge of providing a light beam hardening apparatus Which 
shortens the light hardening time so that a particularly strong 
heating up inside the mouth of the patient does not also 
occur due to the dental material hardening procedure. 

[0012] In accordance With the present invention, it is 
particularly advantageous that, for the most part, cold light 
is used. A relatively reduced light strength is generated such 
that the long Wavelength emission component is suppressed, 
Whereby the intensity of the light beam radiation is higher in 
comparison to that of conventional devices. 

[0013] The light beam hardening apparatus of the present 
invention unexpectedly generates a reduced temperature 
level in the mouth of the dental patient. As a ?rst explanation 
for this, the intensive emissions shorten the handling time so 
that only a reduced heating up occurs in the area of the 
?lling. HoWever, a further explanation for this phenomenon 
lies in the fact that the temperature range of the light beam 
hardening apparatus is itself surprisingly markedly loWer so 
that there is no particularly intensive heating from this 
source. 

[0014] The heat from the light emissions from the chip are, 
in accordance With the present invention, immediately con 
ducted aWay via heat conducting connections to a base 
receptacle of substantial siZe. This base receptacle is itself 
then heated up. HoWever, the base receptacle can be very 
effectively cooled in that it can be con?gured With a sub 
stantially large outer surface. The base receptacle has, hoW 
ever, due to its mass, a particularly large heat capacity so that 
its temperature is raised by only a relatively modest amount 
in the event of a premature disposition of heat energy in the 
course of just a feW seconds. 

[0015] In an advantageous embodiment of the light beam 
hardening apparatus of the present invention, a so-called 
heat pipe is provided for conducting heat rearWardly aWay 
from the base receptacle. The thus rearWardly conducted 
heat can be in effect given off to the environment so that this 
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embodiment can even be operated in a manner Which does 
not require the blowing of cooling air onto the light beam 
hardening apparatus. 

[0016] In another advantageous embodiment of the light 
beam hardening apparatus of the present invention, it is 
provided that each chip in the cradle is recessed relative to 
the outer surface of the cradle. This con?guration results in 
a still further improved light emission ef?ciency. The cradle 
is preferably provided With an interior mirrored or re?ective 
surface and operates as a micro re?ector Whereby the outer 
surfaces of the light emitting chips can be disposed in the 
focal burning point of the micro re?ector. By virtue of this 
con?guration, the light emitted toWard the side is focused so 
that the loss of light caused by misdirected light emissions 
is markedly reduced. 

[0017] In accordance With a further advantageous embodi 
ment of the light beam hardening apparatus of the present 
invention, micro re?ectors having integrated chips of the 
con?guration just described are uniformly distributed over 
the outer surface of the base receptacle. The light emissions 
produced from this arrangement are bundled together in the 
front direction—that is, are emitted toWard the location to be 
hardened by the light emissions—Whereby the individual 
light emission bundles overlap and mix together. 

[0018] In connection With such light emission bundling, it 
is also possible to provide various colors of the emission 
spectra of the individual chips and to undertake an indi 
vidual control of each chip’s emissions. For example, a 
focused red light can be emitted if, in a modi?ed embodi 
ment of the light beam hardening apparatus of the present 
invention, a heat handling procedure is to be performed. 

[0019] It is particularly favorable, in one embodiment of 
the light beam hardening apparatus of the present invention, 
to use double connector Wires. The especially light intensive 
chips of the light beam hardening apparatus of the present 
invention have high requirements for poWer, and the use of 
tWo gold or aluminum Wires, each 30 pm, betWeen the poWer 
supply conduit and the chip has shoWn itself as adequate for 
handling the poWer supply needs of the chips. 

[0020] In another advantageous embodiment of the light 
beam hardening apparatus of the present invention, Which is 
particularly suited for high performance chips, the so-called 
?ip-chip technology can be implemented. In this connection, 
the contact is made to the underside of the chip and light 
emission is from the topside of the chip. The use of a bonded 
Wire connection can be dispensed With in this embodiment 
as the contact can be accomplished, for example, by solder 
mg. 

[0021] In accordance With the present invention, the 
metallic heat conducting connection can be manufactured in 
any desired, suitable manner. For example, the base recep 
tacle can also be manufactured With tWo coats and, in fact, 
With a metallic over coat and a ceramic base coat. Also, in 
accordance With the present invention, a substantially large 
heat capacity can be built in, especially if the metallic over 
coat completely covers the ceramic base coat and/or the 
silicon body, Whereby the heat distribution is in this respect 
improved. Alternatively, an aluminum body can be used. 

[0022] In a further advantageous embodiment of the light 
beam hardening apparatus of the present invention, it is 
provided that the base receptacle is generally con?gured in 
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cup form and, in fact, is con?gured in a form Which 
corresponds precisely to that of the receptacle or socket 
Which has previously been used to support a halogen bulb 
lamp With re?ectors. The receptacle or socket has cooling 
ribs along its outer surface and the base receptacle is 
preferably connected to the receptacle via heat conducting 
paste. An exchange during the life of the light beam hard 
ening apparatus is as a rule generally not required as the 
LED chips have a very long operational life so that cost 
savings relative to light beam hardening apparatus With 
halogen bulb lamps are achieved due to reduced mainte 
nance costs. It is particularly advantageous that the light 
beam hardening apparatus of the present invention elimi 
nates the risk Which is present in connection With halogen 
bulb lamps, that the breaking off of the polymeriZation 
procedure is caused by a burning through of the bulb lamp, 
thus resulting in a half hardened ?lling Which must then be 
removed. 

[0023] In a particularly advantageous embodiment of the 
light beam hardening apparatus of the present invention, it 
is provided that the emitted light beams are intensi?ed onto 
a surface of limited cross sectional area by a prism body. The 
prism body is con?gured such that it shifts the individual 
light beam emissions in the outer region of the base recep 
tacle emissions into the middle so that they can be guided 
practically Without loss of light into the light guide rod. The 
prism body can additionally be enclosed Within a cooling 
body having longitudinal cooling ribs on its exterior Which 
facilitate the shedding of heat. 

[0024] It is particularly advantageous, in one embodiment 
of the light beam hardening apparatus of the present inven 
tion, if the base receptacle including individual LED chips 
is substituted for a halogen bulb lamp having re?ectors in a 
hand-held light hardening device. In this con?guration, the 
exterior of the base receptacle is dimensioned so as to 
correspond With the dimensions of the inner surface of the 
receptacle, Which receives the halogen bulb lamp. It is 
preferable if the exterior of the base receptacle is con?gured 
as a truncated cup and that connection pins are provided at 
those same locations as such connection pins are provided 
on halogen bulb lamps. The substitution of an appropriately 
dimensioned base receptacle of the light beam hardening 
apparatus of the present invention for a 50 W halogen bulb 
lamp offers a signi?cantly improved emitted light perfor 
mance for the same electrical poWer input. If the light beam 
hardening apparatus is controlled by a programmable con 
troller, then, in the event that the base receptacle of the light 
beam hardening apparatus of the present invention has been 
substituted for a halogen bulb lamp With re?ectors, the 
material hardening time Will be correspondingly shortened 
to, for example, one-half the customary hardening time or 
even one-third the customary hardening time, Which is a 
time saving bene?t for the dentist. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a perspective vieW of a base receptacle of 
an embodiment of the light beam hardening apparatus of the 
present invention; 
[0026] FIG. 2 is a side elevational vieW of the base 
receptacle shoWn in FIG. 1; 

[0027] FIG. 3 is a plan vieW of the base receptacle shoWn 
in FIG. 1 in its seated disposition in a receptacle of the light 
beam hardening apparatus; 
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[0028] FIG. 4 is a sectional vieW of a cradle in the base 
receptacle shown in FIG. 1 and showing an individual 
semi-conductor light emitting source; 

[0029] FIG. 5 is a sectional vieW of a prism body for 
handling light emissions of an embodiment of the light beam 
hardening apparatus of the present invention; and 

[0030] FIG. 6 is a perspective vieW of an embodiment of 
the light beam hardening apparatus of the present invention 
in its operationally assembled condition With its base recep 
tacle, prism body, and a light beam guide. 

DETAILED DESCRIPTION 

[0031] In one embodiment of the light beam hardening 
apparatus of the present invention, the light beam hardening 
apparatus includes a base receptacle 10 having an outer 
surface 14 on Which a plurality of semi-conductor light 
emitting sources 12 are disposed. The semi-conductor light 
emitting sources 12 are each individually mounted to the 
?oor of a cradle 16 and are recessed With respect to the outer 
surface 18 of the cradle. As seen in the ?gures of the 
draWings shoWing the embodiment of the light beam hard 
ening apparatus, a total of 12 semi-conductor light emitting 
sources 12 are provided Which are uniformly distributed 
over the outer surface 14 of the base receptacle 10. Each of 
the semi-conductor light emitting sources 12 is soldered by 
silver solder to the cradle as can be best seen in FIG. 3. 

[0032] In accordance With the present invention, it is 
particularly advantageous if the light strength has a value of 
at least 200 mW/cm2, and, especially, has a value of 300 
mW/cm2. It is especially bene?cial if a blue or White 
semi-conductor light emitting source With a light strength of 
1.000 or even 3.000 mcd is used. In accordance With the 
present invention, such light emitting diode (LED) chips 
produce a lightWave maXimum Whose Wavelength corre 
sponds to the maXimum sensitivity of the typical dental 
material Which is hardenable by light beam treatment. In this 
manner, an intensive light beam hardening is made available 
With only a decidedly small energy requirement. 

[0033] The base receptacle 10 of the light beam hardening 
apparatus is comprised of an aluminum/magnesium alloy or 
composition such as AlMg3, Which is applied to the outer 
surface by a galvanic silvering process. The depth of the 
silver coating is betWeen 10 to 15 micrometers. 

[0034] The depth of the solder coating for the manufacture 
of a metallic heat conducting connection is, in contrast to the 
depth of the silver coating, signi?cantly greater comprising, 
for eXample, 100 micrometers. The surface 14 of the base 
receptacle 10—as can be seen in FIG. 2 from the point of 
vieW of the cradle 16—is planar. The base receptacle 10 is 
in the form of a truncated cone cup Whereby a projecting 
edge 20 is provided for improved side support. 

[0035] FIG. 3 shoWs one manner in Which the base 
receptacle 10 can be received in a socket 22. The socket is 
provided With cooling ?ns or ridges along its outer surface 
and the inner surface of the socket preferably precisely 
corresponds With the outer surface 24 of the truncated cone 
cup of the base receptacle 10. The heat transfer betWeen the 
base receptacle 10 and the cooled socket 22 can, as required, 
be improved by the use of a heat conducting paste. 

[0036] FIG. 4 shoWs the manner in Which a chip or an 
individual semi-conductor light emitting source 12 can be 
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received in a cradle 16. The cradle 16 is in the form of a 
re?ector and the chip is arranged generally in the focal 
burning point of the re?ector. The cradle includes a ?at 
ground surface 26, Which is dimensioned in correspondence 
With the dimension of the chip 12. The chip in its mounted 
location on the cradle is soldered to the cradle With a silver 
solder so that a metallic heat conducting connection eXists 
betWeen the chip and the base receptacle 10. 

[0037] A conducting plate 28 is disposed on the outer 
surface of the base receptacle 10 adjacent each cradle 16 and 
each conducting plate 28 includes conducting leads 30, 
Which serve as the current supply. Each chip is connected via 
a conventional coupling Wire 32 With the conducting leads 
30. In the illustrated embodiment of the light beam harden 
ing apparatus, tWo coupling Wires 32 are provided for each 
side in order to reduce a drop off in current and the ensuing 
drop off in poWer of the chip. 

[0038] A prism body 34 can be seen in FIG. 5, Which 
operates to collect the emitted lightWaves. The lightWaves, 
Which are emitted by the chips that are disposed along the 
outer periphery of the base receptacle, are re?ected several 
times in step Wise manner by the prism body, Whereby the 
thus multiple re?ected light beams pass through a central 
area 36 and outlet members 38 of the prism body. The prism 
body acts to intensify the light beam emissions and to 
increase the lighting depth, and the prism body is connected 
to a light guide 40, as seen in FIG. 6. 

[0039] As can be further seen in FIG. 6, the unit com 
prised of the base receptacle 10 and the prism body 34 is 
enclosed in a casing Which is comprised of the socket 22 and 
an opposed socket 42. The tWo sockets 22 and 42 are each 
provided on their outer surfaces With longitudinally eXtend 
ing cooling ?ns or ribs, Which facilitate the heat shedding 
capability of the socket. The heat shedding surface is 
enlarged through the metallic connection betWeen the socket 
22 and the opposed socket 42 and a continuous forced air 
stream can offer a particularly intensive cooling. 

[0040] In a further advantageous con?guration of the light 
beam hardening apparatus of the present invention, it is 
provided that the LEDs are deployed With differing intensity 
maXima. Thus, for eXample, LEDs With a peak of 440 nm 
and 470 nm are deployed. In this manner, it is possible to 
provide a capability for effecting the hardening of a Wide 
range of dental materials since not every supplier of light 
hardenable dental material adjusts the dental material for 
treatment at a peak of 470 nm. 

[0041] Measurements have shoWn that the light beam 
hardening apparatus of the present invention produces a 
light strength of about 600 mW/cm2 as compared With a light 
strength of 1200 mW/cm2 for a conventional light beam 
hardening apparatus; hoWever, the use of the light beam 
hardening apparatus of the present invention achieves a 
higher relative intensity at loWer light strengths. 

[0042] While a preferred form of this invention has been 
described above and shoWn in the accompanying draWings, 
it should be understood that applicant does not intend to be 
limited to the particular details described above and illus 
trated in the accompanying draWings, but intends to be 
limited only to the scope of the invention as de?ned by the 
folloWing claims. 
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What is claimed is: 
1. A light beam hardening apparatus for hardening a 

material exposed to light emitted by the light beam harden 
ing apparatus, comprising: 

a semi-conductor light emitting source operable to emit 
light in the visible light spectral range of a light strength 
of at least 200 mW/cm2; 

a base receptacle for supporting the semi-conductor light 
emitting source; and 

a heat conducting connection comprised of at least one of 
metal and ceramic connecting the semi-conductor light 
emitting source and the base receptacle for conducting 
heat from the semi-conductor light emitting source to 
the base receptacle. 

2. Alight beam hardening apparatus according to claim 1, 
Wherein the semi-conductor light emitting source includes a 
plurality of light emitting diode (LED) chips arranged such 
that the light emitted by at least one of the LED chips 
overlaps the light emitted by another LED chip. 

3. Alight beam hardening apparatus according to claim 1, 
Wherein the semi-conductor light emitting source includes a 
plurality of individual light emission sources Which are 
soldered to the base receptacle. 

4. A light beam hardening apparatus according to claim 3, 
Wherein each individual light emission source is a chip 
having a substrate disposed in metallic contact With the base 
receptacle. 

5. Alight beam hardening apparatus according to claim 1, 
Wherein the base receptacle includes an outer surface com 
prised of at least one of metal and ceramic material. 

6. Alight beam hardening apparatus according to claim 1, 
Wherein the semi-conductor light emitting source includes a 
plurality of light emitting chips and the base receptacle 
includes a plurality of cradles each for supporting therein a 
respective one of the light emitting chips. 

7. Alight beam hardening apparatus according to claim 6, 
Wherein each cradle is con?gured as a micro re?ector and 
includes a silver outer surface. 

8. A light beam hardening apparatus according to claim 2, 
and further comprising a pair of poWer supply Wires con 
nected to each chip. 

9. Alight beam hardening apparatus according to claim 1, 
Wherein the semi-conductor light emitting source includes a 
plurality of light emitting chips, the base receptacle includes 
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a plurality of cradles each for supporting therein a respective 
one of the light emitting chips, and the backside of the base 
receptacle is con?gured in a truncated cup shape generally 
corresponding to the shape of a re?ector halogen bulb lamp. 

10. A light beam hardening apparatus according to claim 
1, and further comprising a cooling body disposed adjacent 
the backside of the base receptacle, the cooling body being 
operable to shed heat to air Which is bloWn relative to the 
cooling body for extracting heat therefrom. 

11. A light beam hardening apparatus according to claim 
1, and further comprising a light collecting device disposed 
relative to the semi-conductor light emitting source for 
collecting light emitted therefrom to focus the light through 
an outlet of the light collecting device having a cross section 
of less than 1 centimeter. 

12. A light beam hardening apparatus according to claim 
3, Wherein each light emission source is soldered to the base 
receptacle by a silver solder layer having a thickness of 
betWeen 20 and 500 pm. 

13. A light beam hardening apparatus according to claim 
1, Wherein the spectral region of the emitted light is at a 
maXimum in the blue light region Which includes ultraviolet 
light. 

14. A light beam hardening apparatus according to claim 
1, Wherein the base receptacle includes a copper and silver 
alloy. 

15. A light beam hardening apparatus according to claim 
1, Wherein the base receptacle is comprised of a ceramic 
material Which has a metallic over coat. 

16. A light beam hardening apparatus according to claim 
1, Wherein the light beam hardening apparatus is connect 
able to a poWer supply voltage of betWeen 110 volts to 250 
volts and includes a back up battery as an energy storage 
source. 

17. A light beam hardening apparatus according to claim 
1, Wherein the semi-conductor light emitting source includes 
a plurality of individual light emission sources each con?g 
ured as a laser diode. 

18. A light beam hardening apparatus according to claim 
1, Wherein the base receptacle includes a pair of contact pins 
projecting from the backside of the base receptacle Which 
are receivable in corresponding holes in a receptacle con 
?gured for normally receiving therein a re?ector halogen 
bulb lamp. 


